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OOMPIiETE SPEOIEIOATIOM" 
Improvements in or relating to LuBricahts 



We^.E. I. Du PoOT De Nemotths anu 
Co., of Wilmington, Delaware, United 
States of America, a corporation organ- 
ised and existing under the- laws of the 
6 State of Delaware, United States of 
America, do hereby declare the nature 
of this invention and in what manner 
the same is to be performed, to be par- 

^ -ticularly described and~ascertained in and 

10 by the following statemisnt: — 

This invention relates to InbriiKintB 
which are especially • suitable for use in 
lubricating bearings and moving parts 
subjected to extremely high pressures, 

15 e.ff. 20,000 pounds per square inch. 
Efficient lubrication depends npon the 
maintenance of a liquid film between the- 
engaging parts and this requires a lubri- 
cant of mgh viscosity in order that the 

20 film may not be squeezed out of the 
narrow gap between the engaging patts. 
It is also necessary that this film of lubri- 
cant should be — tenacious • and that it 
should spread easily over the engaging 

25 surfaces. ,f . ; > ' 

Various additions have been made to 
lubricating oils with a view to obtaining 
tlie above mentioned desirable properties, 
e.g. sulphur, sulphur chloride, sulphur- 

30 ised oils or natural sulphur-containing 
oils, aluminium soaps, heavy * metal 
soaps, castor oil, and aliphatic or aro- 
matic halides. While some of these 
additions, such as sulphur and organic 

35 h nl ides, greatl:f improve the lubricating 
propettiea of oils, they have not proved 
altogether satisfactory in use owing to 
their giving rise to corrosion. Such 
corrosion may be due to tha addition 

40 themselves, or to their hydrolysis or oxi- 
dation products, and is often accdlituated 
by the presence of small amounts of 
water. . . 

We have found that organic esters oi 

45 phosphorus acids possess excellent lubri-- 
cating properties and are substantially 
free from ob.]ecti6nable corroaiye action. 
Films containing these esters will adhere 
to metallic surfaces and resist very high 



pressures,- so that they are particularly 50 
valuable for heavy duty hearings and 
high speed movements. Moreover, the 
films are tenacious and are not removed 
by contact with water, oil or organic 
solvents such as gasoline, naphtha and 55 
the like. • 

To give practical efEect to this dis- 
covery, according to our invention, we 
provide a carrier for the phosphorus 
estets, ^hich is preferably a ' liquid 60 
medium in which the ester is soluble or 
in which it can be dispersed or emulsi- 
fied. Mineral, vegetable, animal or syn- 
thetic oils which themselves possess 
lubricating properties in a hi^h degree, 65 
are especially suitable as liquid media, 
but we may also use liquids which are 
not genersuly regarded as lubricants, 
e.g. parajffin oil or neutral organic liquids 
of low viscositv, or even water. 70 

Instead of a liquid medium we may 
use solid or semi-solid substances, e.g. 
"graphite or greases. ^ Moreover, we may 
employ potous bearing metals such as 
phosphor bronze which are impregnated 75 
with the phosphorus esters or with a 
medium containing the same. Such por- 
ous bearing metals may be used for 
journal bearings or for tubbing surfaces 
and do not require an additional supply -80 
of lubricant as that which exudes from 
the pores of the metal under the pressure 
to which it is subjected is sufficient to 
form an efficient film between the engag- 
ing surfaces. * 

Among the phosphorus esters which 
we have found to be particularly effective 
for our purpose are the aryl and aliphatic 
esters of phosphoric and phosphorus acids. 
Among the aUphatic esters, those con- 
t-ainin^.-ar— carbon— chain of at least 
8- -car Don atoms have proved to he 
the most "effective, and of these the 
mixed esters are g'enerally pj-ef erred be- 
cause of their greater solubility in lubri- 
cating oils and greases. 

When the expression " long chain 
aliphatic (or alkyl) " is employed herein. 
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it will be understood that sxtcli expres- 
sion means aliphatic or allcyl gjroups con- 
taining 8 or more carbon atoms. Also, 
when the term " phosphoriis acids " is 
5 employed herein it will be understood 
that this term includes the various acids 
of phosphorus such as the various phosr 
- phoric, phosphorus and thio phosphorus 
acidfl. The term " bearing surfaces '* 
10 as employed herein will be understood to 
mean surfaces which mutually carry a 
load and move relatively to each other. 
The organic esters of the ^phosphorus 
. acids may be employed as the free esters 
15 or as their alkaline salts such as the 
sodium, ^otassiumj ammonium and or- 
ganic amine salts. The addition of as 
small amount as 0.05% to an oil will 
have, a noticeable effect. However, for 
20 practical use, it will ^generally be found 
desirable to use at least 0.2%? Further, 
the amount* added to the. oil or other 
' carrier will be largely dependent upon 
the machinery in which it is applied and 
25 the area of the metal surfaces with which 
it -will be brought into contact. 

IVe have tested our improved lubri- 
cants by the method devised bv J- 0. 
Allmen (Oil and Gas Journal, 30, 109, 
30 1931). This method consists in running 
a 1/4" diameter dj-iU rod .between two . 
halves of a split bushing which is main-, , 
' tained stationary. The load . on the blxsh- . ; 
ing is controllable and provision is made] 
35 for measuring the torque developed by 
the friction of the lubricant ; film. A , 
hydraulic, system for increasing the load- 
ing, om the bushing until the . oil film „ 
breaks and the metal , seizes is provided. 
40 The rubbing speed is about 60 feet per ' 
minute and the method of loadinjc^ is , 
' gradual, one weight being added to the 
loading . lever each, ten seconds. Each 
weight added to the loading lever in- 
46 creases the pressure on the bushing ^by 
about 125 lbs. The machine provides for 
beam, loadings up to 20 weights which 
corresponds to a pressure of 20,000 lbs, 
per square inch on the full pi'ojected area 
50 of the drill rod. The bearing surface of, 
the bushing is cut to a diameter 0.007- 
inch larger than the drill rod so that, 
before any wear occurs, the actual bear- . 
ing surface is a line. ^ As wear occurs, 
56 the bearing surface widens but seldom 
covers the bushing. After, a test, the 
width of the bearing scar can be measured 
and. an approximat^e value -for the actual 
bearing pressure obtained. The values^ 
60 given in the following examples repre- 
sent, the calculated actual bearing pres- 
sm-es which were reached in the tests 
without failure f the film. These values 
represent film sttengtli or film resistance. 
65 wien subjected to the above test, a good 



grade of parafl^ oil will withstand a pres- 
sure of only 3 to 5000 lbs, per square inch. ^. 
When an oil containing sulphur is tested 
T)y the sam method, such oil will show a 
film strength of about 20000 lbs, per square 70 
inch and will givo a torque reading of 
over 4,0 lbs. ft. at this load. 

Example 1. r-/ . '■ 
of dilauryl phosjphate 
(CjsHaa^aHPO^ was added to a medium 75 
viscosity mineral , oil and the / wfciole 
„ warmed slightly until the ester had dis-' 
solved. When tested . by the method 
hereinbefore described, this oil showed a _ 
film resistance of more than 55>000 lbs. 

Ser square inch and the friction 
eveloped was 2.0 to 2.2 lb; ft. When 
larger amounts of the phosphate up to 
4% were added to the same oil the same 
results were obtained. 85 " 

EXAMPM 2. i 

An oil mixture was made up as in i 
Example 1, except that 1.0% of dicetyl^.. 
phosphate was employed in place of th^'^"'^. 
dilauryl phosphate. The load carried oiir 
test was more than 55,000 lbs. per square • 
inch and the -torque was 2.0 lb. ft. , = . 

.Examples.' ^ 

.5% of tricresyl phosphate was added 
to a medium viscosity mineral oil as in 95 
Example 1. The load calried on.test 
was more than 25,000 lbs. per square 
inch and , the torque developed was 3.5 lb. 
ft. . .. * \ ■ , <• , ^ 

Example 4J ' . ' ICQ 
1.0% of dicyciohexyl phosphate was- 
added to a mediimi viscosity mineral oil. 
The load carried was 20,000 lbs. per 
. square inch and the torque developed was 
1.4 lb. ft. ' 106 

-Example s..- - u-. . 
.1% of dioleyl phosphate, was added to. . 
a medium viscosity mineral oil. \ The 
load carried was 45,000 lbs. per squate 
mch and the torque was . 2. 0 lb. ft.. ,110 
Example 6. 
A lubricant made by dissolvin^^ 1% of 
dilauryl phosphate .in a heavy , oil with- 
stood a pressure of more than 52,000 lbs. 
per square inch and developed a torque 115 
at this pressure of 2.2 lb. ft. ' ; . . 

Example 7. . - . 

A lubj'icant was prepared as, described 
in.ilxample 1, except that 1.0%. of a 
mixture of di- and tri-lorol phosphites 120 
was employed in place of . the dilauryl 
pjiosphate. The load .carried on test 
was 51,000 lbs. per square inch and the 
torque at this load was 2.3 lb. ft. 

The term lorol indicates , a mixture of 125 
primary nojmal aliphatic alcohols of 8 
and 10 carbon atoms which . axe obtained, 
by fractionation of the alcohols resulting 
from the reduction of cocoanuf ' andVor 
pahtn kernel oils. These alcoliols had a 180 



457,546 



boiling range ol : 140 to ISF C. at 
50 mm. Thus the term lord phos- 
phites means th "phosphorous estejr of 
such alcohols. ' ■ 
5 ExAMPUB 8. 

One part of triphenyl phosphite 
(OflH5)aPO,) mixed with 100 parts of a 
lubricating oil withstood a bearing pres- 
sure of 48,000 lbs. per square inch. i?he 
10 friction torqiiia was 3.2 lb. ft. 

ExAMPIiE 9. 

A medium Tiscpsity mineral oil con- 
taining 1 % of , trinaphthyl- phosphate 
carried a load of 21,000 lbs/ per square 
15 inch, the torque, was 2.2 lb. ft. . 

ExAMPIiB 10. 

A mixture was made up of one part 
dilorol phosphate and 99 parts of solvent 
naphtha. Under, test, this lubricant 
20 withstood a pressure of more than 45;000, 
lbs. per square inch with a friction 
torque of 2.2 lb. ft. 

Ex^lHPIXB 11. ... 
One pa3rt of dilorol phosphate was 
'26 mixed with 99 parts of lorol alcohol, com- 
prising , a mixture , i of primary aliphatic, 
alcohols containing 8 to 10 carbon atoms. 
This mixture wiihstood a lo^id of 32,000 
lbs. per square inch developing a torque 
30 of 2.1 lb. ft.:. Under the same conditionB 
of test, a loiol alcohol film, ip. the absence 
of the ph'osphate, will break with less 
than 4,000, lbs. p)*essure pet square inch. 
, . .• ExAMPM' 12. - ■ : . 
36 A mixed phosphate; ester, of Ibrol fthd^ 
ocenol tested alone withstood a bearing* 
load of 45,000 lb. pisr squ^e inch with 
a torque of 2.1 lb. ft. ^ - , " - 

Ocenol comprises a mixture of primary' 
10 aliphatic, alcohols^ cohtainiri^ . 12' to 18 
carbon atoms, having an loiline nximber 
of about 50 and is mostly oleyl alcohol. 

ExAMPIilB 13.. . 

5.0% of a naturally, occurring phos- 
45 phate estej:, . lecithin, was added to a 
lubricating oil as in Example 1:' On 
test, this mixture withstood a pressure of 
52,000 Iba. per square inch and developed 
a torque of 3.0 lb. ft. , / 
50 . / ExAMPiiB 14.. ■ 

One part of Ailprol phosphate was 
mixed with 200 parts castor -oil. This 
mixture withstood a pressure of 60,000 
lbs. per square inch. The friction torque 
65 was 2.4 lb. ft. ■ • • • . . - 

ExAMPiiis 15. - 
One part ; of dilorol phosphate was 
emidsified in 100 parts of water contain- 
ing a small aniount of .caustic soda. This 
60 emulsion with stood a pressure of 32,000 
lbs. per square ' inch' with a friction 
torque of 1.9 -Ih. ft. 

ExAMPLB 16. 

- One part of the a-naphthylamin salt 
65 of dilorol phosphate was mixed with 100 



parta jof lubricating oil. On. test, this 
iubticant withflto.od a pressure of over 
'56,000 lbs. per square inch, at which load 
the friction torque was 2.4 lb ft. 

Example 17. 70 
One part of dilauryl dithio phosphate 
was compounded with 100 parts of lubri- 
cating oil- The pressure carried was 
34,000 lbs. per square inch. The tojrque 
was 2.1 lb. ft.' 76 

.The above' examples illustrate the 
results obtained with a few ■ phosphorus 
esters. Other phosphorus esters which 
we have found to be efEeciive for ottr 
purpose are : di-ethyl phosphate, tri- -80 
ethyl phosphate, mixed cydohexyl-cyclo- 
hexyl phosphates, tri-ocenol phosphate, 
di-oclyl phosphate, mixed mono- and di- 
lorol phosphates, mixed octyl lauryl phos- 
phate (di-ester), tri-methylricinoleyl 85 
phosphate, lauroxy-ethanol phosphate, 
the monophosphate of the^ diglyceride 
obtained by partial hydrolysis of linseed 
oil, mixed phosphate esters of hydroxy 
stearic acid, -eetyl-pyridinium phosphate, 90 
di-phenyl phosphate, di-cresyl phosphate, 
tri-nitrophenyl phosphate; tii-hexoxy-' 
phenyl phosphate, mixed tertiaryamyl- 
phenyl phosphates, mixed dodecahydro- 
aiphenyM-pTopane j^hosphates, mixed 95 
mono- and ai-decahydro-i3-naphthyl phos- 
phates, mixed tetrahydro-jS-naphthyl 
phosphates, dilorol cresyl phosphate, 
dibfitylamine salt bf mixed phosphates of 
lorbl,^ behzylamine 6alt of " mixed phos- 100 
phates-of lotol, amy lamine' salt of iaixed 
phosphates of lorol, mixed mono- and di- 
bu^f phosphates, and in general the 
mbhb-, di- and tri-esters corresponding 
with'Jany of those previdusly mentioned. 105 

The above oompounds are in general 
well known and the methods for making: ^ 
them are also well known and described 
in the literature.' These methods genet- ' 
ally, comprise the treatment of alcohols, HO 
unsaturated aliphatic oompounds ' or 
phenols with phosphorus chlorides or 
with phosphorous oxy chlorides or oxides. 
Accordingly^ a detailed, description of 
the methods to be employed foy making 115 
the compounds referred to is believed to 
be unnecessary. Mention may be made, 
however, of some other methods. Thus 
new esters of phosphorus acids may be 
obtained by the treatment of a mineral 120 
or natural - oil witix phosphorus halides 
and a isatalyst such as aluminium 
chloride. Phosphate and phosphite esters 
xsan.also be- obtained by the treatment of 
oils containing ethylene linkages^ or 125 
hydroxyl jyroups with phosphorus halides, 
oxy halides, oxides or sulphides. 

The fact that our improved lubricants 
retain their extreme pressutei lubricating 
characteristicft in liquid^ other than oils 130 
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and greases renders tliem particularly 
adapted for use as cutting oils, partictQariy 
in water emulsion. The use -of Sitting oils 
in machming operations is well known. 
5 The cutting fluid has two functions; the 
firat to provide a lubricant to reduce the 
friction Between the cutting tool and the 
work, and the second to pro^oSe a means 
for cooling the work; _ ■ 

The general practice is to use either 
an oil or a dispersion of oil in water. The 
oils used^ vary considerably depending on 
the particular operation and may vary 
from a light mineral oil to a heavy mix- 
15 ture of mineral and animal oils. The 
water suspensions are usually made up 
from oils by the addition of dispersing 
agents of the Turkey red oil type. 
Recently the practice of adding sulphur 
or sulphur compounds has become 
common. 

Die shaping of sheet metals and draw- 
ing of sheets and wires and tubes has 
also recently been improved by the use of 
a lubricant between the contacting sxir- * 
faces. 

Cutting oils are now generally made 
up hy compounding about 30 parts 
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oil or other suitable media as cutting' oil 
compositions with the attending elimina- 
tioaof the odours Aud corrosiveness which 
are objectionable properties of most pjrior 
cutting oils. They will be effective at 
very low concentrationa in oil and can 
be used in water directly without the use 
of an oil medium. 

Having now particularly described and 
ascertained the nature of our said^inven- 
tion and in what manner the same is to 
be performed, we declare that! what we 
claim is: — 

1. An improved lubricant, . especially 
suitable for lubrioatinjip. .t^s^fy duty bear- 
ings and high speed movements, - com- 
prising an organic ester of a phosphorus 
acid associated with a suitable carrier of 
tiie ldnd hereinbefore descHbed. 

2. A lubricant as claimed in claim 1, 
in which the ca:rrier is a liquid medium 
in which the phosphorus ' ester is dis- 
solved, dispersed or emulsified. 

3. A lubricant as claimed in claim 1, 
in which the carrier is a lubricating: oil. 

4. A luhricant as claimed in claim 1, 
in which the carrier is a solid or semi- 
solid material such as graphite or grease. 

5. A lubricant , as claimed in claim 1,' 



... . „ ^ - of 

lard oil, one to five parts of sulphiir, two ^, ^, 

30 to ten parts of a petroleum sulphonate or in which the carj^ier is a porous beariug 
Turkey red oil and about 60 parts of metal 
mineral oil. This mixture is then used 
undiluted or dispersed in watejr which 
improves its- cooling properties. 
35 The lard oil. of course, breaks down 
under ^the high temperature conditions of 
use resulting in the formation of dis- 
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agreeably odol-ous materials. The 
presence of sulphur, as in niotoar and 
40 gear lubricants, is a possible source of 
corrosive material necessitating the care- 
ful washing. of machined parts before 
use. These oils have also given consider- 

able ttouhle from infection of the work- 

45 men which is pnly partially eliminated 
by the incorporation of a bactericide in 
the oil, 

Wire drawing also requires an extreme 
pressure lubricant.. Several types are in 
50 use but^ essentially they a)ce the same as 
the ordinary cutting oils. 

The pressures between the rubbing sur- 
faces during all machining operations 
are obviously very high as they result in 
55 deformation of the metal. This is, there- 
fore, anothe)* problem of extreme pres- 
sure lubrication. ' " - - . 
Our lubricants may be used in water. 



6. A lubricant as claimed in any of 
claims 1 — 5, in which the ester is an aryl 
ester, 

7. A lubricant as claimed in any of 
claims 1—5, in which the ester is a iong ' 
chain aliphatic ester. ^ 95 

8. A lubricant as claimed in claim .7, 
in which the ester is a long-chain alkyl 
ester.' ... 

9. A lubricant as claimed in claim 7 

or 8, in which the ester is a mixed estel*. 100 

10. A lubricant as claimed in anv of 
claims 1 — ^9, in which a mixture of esters ' 
of phosphorus acids is associated with 
the carrier. ' ; 

11. A lubricant as- claimed in any of 105 
claims I — ^10, in whict the proportion of 
ester relative to caj[*rier is small, e,g. 

0.2 — 5 per cent. 

12. Improved lubricants, substantially 

as hereinbefore described, with ref erence_110 
t-o the examples. . 

Dated the 25th day of February, 1935, ; a 

E. 0. G. CLARKE, 
Imperial Chemical House^' Millbank, 
- London, S.W.l,^ . ; . 
Solicitor fojp.the Applicants. v - 
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